Objectives: To compare body fatness estimated using a skinfold technique and body mass index (BMI) with body fatness estimated using the body water dilution method in healthy Swedish children 9 or 14 months of age. Methods: Total body fat (TBF) was calculated from total body water, estimated using the doubly labelled water method, and body weight. When expressed in per cent of body weight, these estimates (%TBF-BWD) represented reference values for body fatness. Body fatness was also calculated from skinfold thickness (%TBF-SFT) and as BMI. The children were ranked and grouped into five groups with an increasing level of body fatness using BMI, %TBF-SFT and %TBF-BWD, respectively. Subjects: A total of 30 infants 9 months of age and 29 children 14 months of age. Results: On average, the children (n ¼ 59) had a BMI ¼ 17.571.6 kg/m 2 and contained 27.873.7 %TBF-SFT and 29.174.4 %TBF-BWD. %TBF-BWD minus %TBF-SFT was ¼ 1.3574.06%. By measuring %TBF-SFT or BMI, about 35% of the children could be classified in the correct group with respect to body fatness. Serious misclassification (ie two or more groups too high or too low) was, however, more common for %TBF-SFT (29%) than for BMI (17%). Conclusions: The capacity of BMI to place children in the correct body fatness group was poor although not quite as poor as the corresponding capacity of the skinfold technique. The latter method produced inaccurate and imprecise estimates of body fatness.
Introduction
Childhood obesity is a serious and growing problem in affluent countries as well as in populations undergoing economic transition (Koletzko et al, 2002) , and represents a significant public health concern. Obesity is defined as an excessive amount of fat in the body. However, it is not possible to measure body fat content in a simple way. Various indices for identifying obesity in humans have therefore been developed, the most commonly used being body mass index (BMI). BMI is simple to measure, but its application is complicated, since the BMI distribution in children and adolescents varies markedly with age and gender (Cole et al, 2000) . Furthermore, as pointed out by Wells (2000) , BMI identifies subjects with an excessive body weight rather than subjects with an excessive amount of body fat.
Another simple and potentially useful method for estimating total body fat (TBF) is the skinfold technique, which can produce valid although rather imprecise results in adults (Durnin & Womersley, 1974) . This technique measures the thickness of the subcutaneous fat layer directly, and therefore represents a seemingly attractive way to measure TBF. Skinfold measurements are relatively easy to obtain, but may involve some discomfort for the child. A procedure based on this technique and applicable to children below 2 y of age has been described (Weststrate & Deurenberg, 1989) , but has thus far not been satisfactorily evaluated in this age group.
Evaluation of body composition methodology requires an appropriate reference method. Unfortunately, however, no golden standard for measuring human body composition 'in vivo' is available. For many years, underwater weighing was considered the best available method for use as a reference, but for obvious reasons this cannot be applied to children below 2 y of age. During the past decade, however, the doubly labelled water (DLW) method has been established for studies of human energy metabolism. This method produces estimates of so-called isotope dilution spaces, making calculation of total body water (TBW) possible. By using estimates of the degree of hydration of the fat-free mass (FFM), TBF can be calculated from TBW and body weight, a procedure known as the body water dilution (BWD)-method.
In this paper, we report on a study where body fatness, estimated using the skinfold technique, described by Weststrate and Deurenberg (1989) , and BMI, was compared to body fatness estimated using the BWD-method in children 9 or 14 months of age. For this kind of comparison, the procedure described by Bland and Altman (1986) is generally recommended. However, this requires that the methods under comparison measure the same variable. This was not the case in our study since BMI, although intended to be an estimate of body fatness, is in fact not a numerical estimate of %TBF. A ranking and grouping procedure allowing for the intended comparisons was therefore used.
Subjects and methods

Subjects
In total, 65 children were recruited, as described by Tennefors et al (2003) , to take part in the present study. Six of these children were excluded from the study due to minor illnesses or poor parent compliance. The 59 children shown in Table 1 participated at 9 or 14 months of age. This study was part of a survey of the health and nutrition of 300 children recruited from a well-educated, middle-class population in Umeå, Sweden. The 65 children, all of whom were full term and healthy, were randomly selected from those 300 for anthropometric measurements as well as assessment of total energy expenditure and TBW using the DLWmethod. The study was approved by the ethics committee of the faculty of medicine and odontology at Umeå University.
Design
Weight and length were measured on the same day as the dose of stable isotopes was given for the DLW measurements. Skinfold thickness (SFT) measurements were taken 11 days later.
Assessment of body fatness BMI, that is, weight (kg)/height (m) 2 , was calculated from body weight (naked) measured to the nearest 0.02 kg (weighing scale for babies-adults 0-136 kg, CMS Weighing Equipment Ltd, London, UK) and recumbent length measured to the nearest 0.1 cm (Rollameter baby measure mat, CMS Weighing Equipment Ltd, London, UK).
Total body fat based on skinfold thickness measurements (TBF-SFT) was assessed using a Harpenden skinfold caliper (Harpenden skinfold caliper, CMS Weighing Equipment Ltd, London, UK). Skinfolds measured at bicipital, tricipital, subscapular and suprailiacal sites (Durnin & Rahaman, 1967) were used to calculate %TBF-SFT, that is, body fatness, according to Weststrate & Deurenberg (1989) . All skinfolds were the average of three measurements assessed on the left side of the body, always by the same observer. The technical error of measurement (Moreno et al, 2002) ranged from 0.14 to 0.20 mm. The coefficient of reliability (Moreno et al, 2002) ranged from 99.5 to 99.8%.
Total body fat based on body water dilution (TBF-BWD) was calculated from TBW measured using the DLW-method (Tennefors et al, 2003) . FFM was assumed to have the following degrees of hydration: 79% (girls) and 79.3% (boys) at 9 months of age, and 78.7% (girls) and 78.8% (boys) at 14 months of age. These figures represent reference data as described by Fomon et al (1982) . TBF was calculated as body weight minus FFM, and FFM as TBW divided by the appropriate degree of hydration of FFM. To obtain body fatness, TBF-BWD was expressed in per cent of body weight, %TBF-BWD. Table 1 Weight, length, weight-for-age z-score, length-for-age z-score, weight-for-length z-score for the children in the study 9 months 14 months 9+14 months (WHO, 1983; WHO, 1995) .
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Evaluation of classification capacity This procedure involved ranking the children in the study on the basis of their level of body fatness in a sequence where the child with the lowest level of body fatness had the lowest number, and where the difference in the level of body fatness between this child and the second child in the sequence was the smallest possible. This principle of the smallest possible difference was maintained for all children, producing a sequence with a gradually increasing level of body fatness. Based on this sequence, the children were then divided into five groups with increasing levels of body fatness comprising 12 (lowest), 12 (second lowest), 11 (middle), 12 (second highest) and 12 (highest) children, respectively. This ranking and grouping procedure was carried out for estimates of body fatness obtained using %TBF-BWD, %TBF-SFT and BMI. The classification capacity of %TBF-SFT and BMI was then evaluated as the number of children placed in the same (0), in the next higher ( þ 1) or lower (À1), in the second next higher ( þ 2) or lower (À2), in the third next higher ( þ 3) or lower (À3), or in the fourth next higher ( þ 4) or lower (À4) group when compared to the groups obtained when the classification was based on %TBF-BWD. The BWD-method was thus considered as the reference method capable of providing a correct classification of body fatness.
Statistical analyses
The statistical computation was performed using Excel 1997, Microsoft, Redmond, Seattle, USA. Results are expressed as means 7s.d. Values for the same variable obtained by two different methods were compared according to Bland and Altman (1986) . Paired comparisons were used to test if means obtained using two independent methods were significantly different (Altman, 1999) .
Results Table 2 shows BMI, %TBF-SFT and %TBF-BWD of the children in the study. On average, the BMI of all children was 17.5 kg/m 2 , while their average contents of TBF-SFT and TBF-BWD were 27.8 and 29.1%, respectively. Table 3 presents the mean, s.d., range and CV for BMI, %TBF-SFT and %TBF-BWD of children in five groups representing five different levels of body fatness. 
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Figure 1 compares estimates of %TBF-BWD and %TBF-SFT according to Bland and Altman (1986) . The difference between results obtained by the two methods was 1.35% TBF, while limits of agreement (72 s.d.) were -6.76 to 9.47% TBF. The difference between the two methods was statistically significant (Po0.05) and the 95% confidence interval for the bias was 0.29-2.41% TBF. No significant correlation between the average of results obtained by the two methods and the difference between them was obtained. Figure 2a and b presents the classification capacity of %TBF-SFT and BMI, respectively. When classification was based on %TBF-SFT as well as on BMI, 21 of the 59 children were classified correctly. However, serious misclassification, that is, the number of children classified in two or more groups too high or too low, differed for %TBF-SFT and BMI. Thus, %TBF-SFT classified 17 (29%) of the 59 children in this way, while the corresponding figure for BMI was 10 children (17%). Figure 3 shows the classification capacity of %TBF-SFT (I) and BMI (II), for groups with the following levels of fatness on the basis of %TBF-BWD: lowest (a), second lowest (b), middle (c), second highest (d) and highest (e). For the 12 children with the lowest level of fatness based on %TBF-BWD, %TBF-SFT and BMI classified 58% (Figure 3aI ) and 50% (Figure 3aII) , respectively, of the children correctly. For the 12 children with the second lowest level of fatness, the corresponding figures were 25% for %TBF-SFT (Figure 3bI ) and 8% for BMI (Figure 3bII ). For the remaining three groups, that is, the middle fatness group, the group with the second highest level of fatness and the group with the highest level of fatness, the corresponding figures were 18% for both %TBF-SFT and BMI Figure 3cI and II), 33% ( Figure  3dI ) and 42% (Figure 3dII ) as well as 42% (Figure 3eI ) and 58% (Figure 3eII) , respectively, for %TBF-SFT and BMI. In addition, the results presented in Figure 3 indicate that when compared to children with an average level of %TBF-BWD, there is a tendency for both methods to classify more children correctly in the groups, where %TBF-BWD is extremely high or low. The two methods seem to have a fairly similar capacity to classify children in these groups.
Discussion
When compared to the National Center for Health Statistics growth reference data (WHO, 1983) , the children in our study were slightly heavier and taller than reference children (Table 1 ). The BMIs of the 9-and 14-month-old children in our study are in good agreement with recently published Swedish population-based reference values, although the 50th-percentile values of our children are slightly lower and the s.d.'s slightly higher (He et al, 2000) .
In this study, we assume that estimates of TBF obtained using the BWD-method represent accurate estimates of body fatness. Recently, Wells et al (1999) studied body composition of children aged 8-11 y and found underwater weighing to be associated with a larger error than the BWD-method. These authors also investigated the variation in estimates of the degree of hydration of FFM and presented data showing that for the children in their study, the interindividual variation in this variable is rather small. Their conclusion was that the BWD-method is appropriate for determination of body fat in individual as well as in groups of children between 8 and 11 y of age. Unfortunately, no similar study is Figure 1 Comparison of body fatness obtained by the body water dilution method (%TBF-BWD) and by the skinfold technique (%TBF-SFT) according to Bland and Altman (1986) available for children in the age group studied in this paper. However, Butte et al (2000) have recently provided estimates of the degree of hydration in FFM for children under 2 y of age. The values reported for children between 3 months and 2 years are in close agreement with the corresponding values published by Fomon et al (1982) , that is, those used in the present study. Furthermore, the variation in these estimates (Butte et al, 2000) is reported to be rather small (CV ¼ 1.4-2%). Therefore, it is reasonable to assume that our estimates of %TBF-BWD represent appropriate reference data for evaluation of alternative methods for assessing body fatness in children of the same age as those studied in this paper.
Our results indicate that the method proposed by Weststrate and Deurenberg (1989) provides estimates of TBF that tend to underestimate body fatness for 9-and 14-month-old children. This is in contrast to the results by de Bruin et al (1995) , who found that this method overestimated body fatness in infants when total body electrical conductivity was used as the reference method. Their infants were, however, considerably different from our subjects with respect to age and body fatness. Another factor of possible significance for the different results obtained in the two studies is that the fat content in adipose tissue varies considerably in infants and young children (Baker, 1969; Kabir & Forsum, 1993) .
Owing to the need for simple methods for assessing body composition in young children, it is disappointing to find that neither skinfold measurements nor BMI was able to place more than about 35% of our children in the correct body fatness group. It is relevant to point out that 20% of the children, that is, about 12 of our 59 children, can be expected to be classified correctly just by random. The number of children classified in two or more groups too high or too low (that is, serious misclassification) was high for both methods, but was higher for %TBF-SFT than for BMI. The finding that the two methods were both able to classify more children correctly in groups where body fatness was at its lowest or highest is noteworthy. It is likely that a large proportion of the children in these groups would have been considered as substantially leaner or fatter than average without any measurements at all.
We have not been able to find any data in the literature where body fatness assessed by means of skinfolds and BMI has been evaluated in children below 2 y of age. However, in a study on boys 7-16.9 y of age, Sarría et al (1998) found that estimates based on skinfold measurements were better predictors than BMI of body fatness, a finding that is in contrast to the results of the present study. We believe that this discrepancy is likely to be due to a true difference between the children in the two studies since the precision of our skinfold measurements compares favorably with that reported by other authors (Moreno et al, 2002) . The fact that skinfolds were measured 11 days later than the estimates of weight and length used to calculated BMI did not affect the results of the present study.
The results of the present study illustrate the difficulties encountered when assessing body fatness of individual children. We found that BMI was a rather unsatisfactory tool for that purpose, and a method proposed by Weststrate & Deurenberg (1989) based on skinfold measurements produced even less satisfactory results. Also, de Bruin et al (1995) concluded from their study that this method cannot be used to assess accurately TBF in an individual infant.
Obviously, there is a need for improved methodology to study body composition of children below 2 y of age. Development of such methodology is important, as there is a growing need to identify children at risk of developing obesity as early in life as possible.
